ED MCCARTHY, P.E., PS

April 7, 2015

Mr. Bob Witkowski, Director

City of Ellensburg

Department of Community Development
501 North Anderson Street

Ellensburg, WA 98926

Re:  Surf City Development — Flood Study

Dear Mr. Witkowski:

This report documents the methods and results of a flood hazard assessment I conducted
for proposed developed on the Surf City property. The subject property is a commercial

development located on Lakeside Way west of Canyon Road and north of Interstate 90,

within the Wilson Creek watershed. The site mapped by FEMA as a Zone A1 flood area
with flooding depths having been determined by FEMA.

I coordinated efforts with Encompass Engineering in conducting the following:
e Obtaining topographic survey data for the site
¢ Developing a hydraulic model to map the floodplain on the site, and

* Developing flood mitigation measures that are consistent with the city’s current
code. In addition, Encompass Engineering and I met with Brent Renfrow from
Washington Department of Fish and Wildlife to develop flood mitigation
measures designed to enhance the riparian corridor.

Current Site Flooding Conditions

The project site is located within a Zone Al flood area as published on FEMA’s FIRM.
The project site is located within a reach of the Right Channel of Wilson Creek. Overflow
from Wilson Creek leaves the creek’s left bank during larger storms. Flood water leaving
Wilson Creek flows inundates a significant portion of the project site with a predicted
average depth of 1 foot for the 100-year flood flow. Wilson Creek flows through a bridge
under Interstate 90 immediately downstream from the site thereby constricting the
floodplain (Figure 1). As a result, much of the floodplain in the left overbank has flood
storage but no conveyance. The parcel on the right bank of Wilson Creek is a lake, owned
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by Washington Department of Fish and Wildlife. The lake is separated from the channel
along with a berm that is generally above the base flood elevation in the lower reach of
the study area.

The Surf City site was observed to have shallow flooding during the January 2009 flood.
Based on oblique aerial photos of the January 2009 flood, the areal extent of flood
generally matched the pattern as mapped by FEMA, but perhaps with a lesser extent of
flooding, particularly in the southern portion of the site.

Modeling Approach

Both the existing site configuration and proposed site improvements were modeled using
HEC-RAS hydraulic software assuming steady-state conditions (Version 4.1.0). My
objective was to create a hydraulic model of the site that reproduced the base flood
elevations on the site within a tolerance of 0.5 foot, otherwise known as a duplicate
effective model. This model was then used as a basis to verify that the mitigated project
resulted in zero-rise for the 100-year flood flow.

I submitted a public information request to FEMA Engineering Library to acquire
documentation for the hydraulic model used to develop the floodplain map and base
flood elevations published on the effective FIRM for the Right Channel of Wilson Creek.
An electronic version of the hydraulic model used for Wilson Creek was not available
(Adams, 2014). The U.S. Geological Survey performed the flood study in 1978 using the
USGS Step-Backwater Program Version 77.18. FEMA Engineering Library did provide
scanned copies of computer output from the 1978 flood study modeling results. These
results were correlated to the published FEMA flood profiles for the Right Channel of
Wilson Creek. From these results, flow rates for the reach through the project site used in
the FIS were 349, 497, 561, and 710 cubic feet per second for the 10-year, 50-year, 100-
year and 500-year storms.

Given the 35-year age of the prior study, new geometry data for the channel and
floodplain were collected in the field to characterize existing site conditions (Figure 2). A
total of 11 cross sections were surveyed to characterize the geometry of the channel and
topography of the floodplain in the project reach. Cross sections covered the channel
reach from just downstream of the 1-90 crossing (Section K) to upstream of an existing
bridge and irrigation diversion structure (Section A).

For proposed conditions, the geometry of the site was based on a grading plan for the
proposed Surf City development (Encompass Engineering, April 2, 2015). The hydraulic
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simulation for proposed developed conditions therefore includes the effects of proposed
fill in the floodplain as well as compensatory storage volumes to mitigate for the fill.

The hydraulics of the floodplain in the left overbank is affected by the channel
constriction at the I-90 crossing. The outer portion of the flood fringe provides flood
storage but not conveyance and was modeled as an area of ineffective flow in the HEC-
RS cross sections. The project site is between FEMA Cross Sections M and Q of the
Right Channel of Wilson Creek (Appendix A). For the zero rise analysis conducted for
the project site, flow rates obtained from the USGS Step-Backwater Program Version
were used. These flow rates resulted in acceptable calibration of the model to the
published FEMA base flood elevations. The downstream boundary condition for FEMA
flood flow rates were set to elevations corresponding to the published FIS elevation for
Cross Section BC of the Yakima River (Appendix A).

Staff at WDFW identified the ordinary high water (OHW) level for the channel along the
project reach and these elevations were subsequently surveyed and used in the flood
storage mitigation design. The flow rate corresponding to the creek’s OHW level was
determined using HEC-RAS with a trial-and-error approach to match predicted channel
backwater elevations with those identified by WDFW staff in the field.

Modeling Results

The HEC-RAS model developed for the project reach predicts base flood elevations
within 0.5 tolerance to those published in the FIS for existing site conditions. Based flood
elevations for the site from the FIS and the HEC-RAS model results are provided in
Table 1. The HEC-RAS predictions are within a 0.5 foot tolerance that FEMA requires
in developing duplicate effective floodplain models. The largest difference in the
published FIS versus predicted HEC-RAS based flood elevations occurred at Station
1806, with a difference of 0.44 foot.

A summary of HEC-RAS modeling results for the base flood flow is provided in in Table
2 for both existing and proposed site conditions. A complete listing of flood modeling
results are provided in Appendix B. Compensatory storage has been included in the
grading plan along the left overbank of the channel and within an off channel flood
storage area in the south portion of the site. The compensatory storage included in the
site grading plan is intended to preserve both flood storage and flood conveyance.

Modeling results show that the predicted base flood surface elevations for proposed site
conditions closely match those predicted for existing site conditions. Based on the
modeling results, the proposed grading and flood mitigation plan for the project site
meets zero rise criteria.
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Flood Storage Mitigation

The proposed site grading and flood mitigation plan includes delineation of the 100-year
floodplain under mitigated conditions (bold dashed line in Figure 2). A tabulation of the
flood elevations for 10-year, 50-year and 100-year return periods under proposed
developed conditions is also provided in Figure 2.

Flood compensatory storage volumes are provided for all fill occurring in the floodplain.
The volume of fill in the floodplain that requires mitigation was calculated using CAD
using one surface to represent the existing topography and another surface, based on
FEMA flood elevations, to represent the base flood water surface as published in the FIS.
The existing pond that was excavated on the site as a borrow pit was assumed to be at its
original grade prior to the excavation in establishing the topographic surface for existing
conditions. A total flood storage volume of 11,358 cubic yards would be filled and a total
compensatory storage volume of 13,112 cubic yards would be provided under the
proposed grading plan (Encompass Engineering, April 2, 2015) leaving a net increase in
flood storage of 1,754 cubic yards. Flood storage volumes at this time are preliminary
and will be updated as the site grading plan and stream mitigation plan are finalized.
Building pad elevations of proposed building on the site would be at least 2 feet above
the published FEMA base flood elevations.

Flood Storage Mitigation Design

The flood mitigation has been designed with input from WDFW staff (Renfrow, 2014).
The channel design includes grading a bench along the channel’s left bank. The elevation
of the bench has been designed to be approximately one-half to one foot above the OWH
elevation identified in the field. The bank will be designed to provided additional
conveyance capacity and flood storage while at the same time providing diversity in
vegetation and channel structure. Woody debris will be installed along the bank to
provide high flow refuge for fish. A significant volume of off-channel flood storage
volume has been provided associated with a pond and surrounding grading. Offsite
storage will be designed to drain back to the pond and then to the creek as floodwaters
recede.

If you have questions regarding my assessment or conclusions, please call me at (425)
271-5734.
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Sincerely,

C/Z[war C/Q WCG"'{A:J

Edward J. McCarthy, Ph.D., P.E.
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Table 1. Comparison of FIS base flood elevations to HEC-RAS model results
(Existing Conditions) for Wilson Creek.

River Cross FEMA FIS Base Flood HEC-RAS Difference
Station Section Elevation Base Flood
(Feet — NAVD 88) Elevation — (Feet—NAVD
Existing 88)
Conditions
(Feet — NAVD
88)

1806 A 1491.64 1492.08 0.44
1116 E 1490.64 1490.50 -0.14
475 H1 1489.64 1489.26 -0.38
0 K 1488.64 1488.70 0.06

Note: FEMA base flood elevations are based on FIRM.

Table 2. Comparison of HEC-RAS Existing Conditions model base flood elevations
to predicted elevations for Proposed Developed Conditions for Wilson Creek.

River Cross HEC-RAS HEC-RAS Difference
Station Section Base Flood Base Flood
Elevation — Elevation — (Feet— NAVD
Existing Proposed 88)
Conditions Developed
(Feet - NAVD Conditions
88) (Feet — NAVD
88)
1806 A 1492.08 1491.93 -0.15
1116 E 1490.50 1490.15 -0.35
475 H1 1489.26 1489.09 -0.17
0 K 1488.70 1488.70 0.00




Appendix A. FEMA Published Information
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Appendix B. HEC-RAS Model Results

HEC-RAS Plan

Description

Existing

Project site under existing conditions. Simulates 100-
year, 50-year, 10-year and estimated OWH flow rates for
Wilson Creek.

Proposed4-7-15

Project site under proposed developed conditions with
flood mitigations in place. Simulates 100-year, 50-year,
10-year and estimated OWH rates for Wilson Creek.
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Figure 1. Aerial photo of January 2009 flood. The project reach of Wilson Creek is in the
upper right corner of the photo (Source: City of Ellensburg Public Works).
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